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Scheme 1 Solid Phase Protein Synthesis 

Native Chemical Ligations in an N- to C- Terminal Direction 
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IN THE ABSENCE OF A THIOESTER PEPTIDE 

H- CGFRVREFGDNTA - COSW MW=1487.6 

6M GU'HCL, 0.1 M NaPi, 0.5% THIOPHENOL, ROOM TEMPERATURE, 

OVERNIGHT 



THIOPHENOL 



U 



1487.2 



-1452.7 (-34.5) 
CYCLIZATION 



^2939.3 (INTERMOLEGULAR 
l|REACTION?) 
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FIG..2A 



46.9 



IN THE PRESENCE OF A THIOESTER PEPTIDE 

H- CGFRVREFGDNTA - COSH MW=1487.6 + H- DSVISLSGDH - SPAL 

MW=123G.2 MW OF LIGATION PRODUCT = 2498.7 



1229.7- 
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2497.7 



JL. 
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FIG..2B 
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Cys +COSR Stability Under Ligation Conditions 
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MSG- CTSAGPHFNPLSRKHG ■ OH MW=1 859.1 
H- CTSAGPHFNPLSRKHG - OH MW=1 708.9 
ALIQUOT OF PEPTIDE IN 6M Gu'HCI, 0.1 M 
NaPi, pH 7.5 WAS DILUTED INTO 1N NaOH FOR 
TWO MINUTES, QUENCHED WTH 1N HCI 



FIG..3A 
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1708.2 



1814.5 (+106.3) 



NO HYDRAZINE 
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MSG 

Removal 

Experiments 



FIG..3B 




FIG.-3C 
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200mM HYDRAZINE 
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Lev - MSC - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH 

MW=4022.4 

H- LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH 

MW=3745.1 

ALIQUOT OF PEPTIDE IN 6M Gu»HGI, 0.1 M NaAc, pH 4.6 WAS DILUTED 
INTO 6M Gu'HGl, 0.1 M NaAc, pH 14 FOR TWO MINUTES, QUENCHED WITH 
6M Gu'HCI, 0.1M NaAc, pH2^^0 



MSC Removal 

Experiments 

(Cont'd) 
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F/G._4 
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1 21 47 

TLQKKIEEIAAKYKHSVWKCCYDCSACVNNDETCEQRAARISLGPKCIKAFTECC 

WASQLRANI SHKDMQLGR 

74 



Synthesis of C5a by Solid 
Pliase Cinemical Ligations 
in the N- to C-Terminal 
Direction 



C5a1-74 




FIG..26 
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Resin Preparation 



H 

PEGA>-N- 



PEGA V- NH. 



HO2C 



NO, 




^ N(f-Boc)s 



O 




V_/ ^ N(f-Boc). 



B 



1 . -Boc 

2- HOgC^O' 
3. -Boc 



■ NH(Boc) 




O 



PEPTIDE 




EXPECTED- 
CLEAVAGE 



^ N ^PEPTIDE 

^ OBSERVED 
CLEAVAGE 



FIG.. 5 A 
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Resin Preparation 



RESIN Vnh, 



IhOsC-Q-nH-PG 
H T 



jESIN>- N -|pQ_ NH-PG 
O ^ 



1. -PG 

2 

HOgC— PG 
3. -PG ^ 



H t H 

•N- 



o * O 



H 
I 

RESIN )-N- 



<H 



HANDLE 



— PEPTIDE 



Or^nrKH 



HANDLE 



• PEPTIDE 



HO,G 



— O = CLEAVABLE LINKER USED FOR MONITORING 

WITH MALDI, ELECTROSPRAY MASS 
SPECT, ETC... 

PG = PROTECTING GROUP 

HOgC — = FUNCTIONAL GROUP ADDED TO RESIN TO 
COUPLE WITH PEPTIDE 



HANDLE 



■ PEPTIDE = PEPTIDE FUNCTIONALIZED WITH 

1 . CLEAVABLE HANDLE FOR RELEASE OF 
PEPTIDE/PROTEIN FROM THE RESIN AT 
COMPLETION OF SYNTHESIS AND 

2. FUNCTIONAL GROUP TO COUPLE TO RESIN 
) 



FIG..5B 
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eoc-LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG-COSUW 



1. -Boc 
2. 

Boc-HN' 



^^^^^O ONp 



Boc-HN "^-^ "^^^O^LTE HG-COS(aM 



1 . -Boc 
2. 




OH 




0^ 

31. 



o 



■HG-COSAM 



HF CLEAVAGE 




V° A 

N ^^^O'^LTE HG-COSH 

H 



F/G._6 



Derivatization of Segment 1 
(N-terminal) 
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Lev 'MSG' LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH{^) 

+ Resin- POL -0NH2 

1 1 . pH 4.6. 6M Gu^HCt, Q.I ACETATE 

Resin - PCL - oxime - MSG - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH (1 ) 



< 
CD 

LU 
CL 

c 
o 

c 
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Peptide Solution as 
Added to Resin 
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Supernatant after Reaction 
Overnight 
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FIG.-7B 
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Le/ - MSC- LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - C0SH{1) 

+ Resin - PCL - 0NH2 

1 1. pH 4.6, 6M Gu'HCI, 0.1 ACETATE 

Resin - PCL - oxime - MSC- LTEGLHGFHVHEFGD^f^AGGTSAGPHFNPLSRKHG - COSH(^) 
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CO 
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CO 
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Peptide Solution as 
added to resin 
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Supernatant after reaction 
overnight 



A, 



' ' ■ ■ ' ^ ' ■ ' ' ' i ' ' t 1 I I I I i I t { I I I 1 I I I I I 
0-1 35 0 

FIG..8B 



10/31 



Lev-MSC- LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSHO) 

+ Resin - PCL-0NH2 

\^. pH 4.6, 6M Gu'HGI, 0.1 ACETATE 

Resin - PCL - oxime - MSC - LTEGLHGFHVHEFGDNTAGGTSAGPHFNPLSRKHG - COSH (1) 
MALDI MASS = 4022, BASE CLEAVAGE MASS = 3745 



Polymer- 
Supported 
Ligation on 
ISCO 



FIG.^9A 
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Resin ■ PCL - oxime - MSG - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSAc(^) 
MALDI MASS = 4080, BASE CLEAVAGE MASS = 3729 
+ H - CGFRVREFGDNTA - COSH (2) 

1 3. pH 7.5, 6M Gu'HCl, 0.1M PHOSPHATE, 0.5% THIOPHENOL 

Resin - PCL - ox;me- MSG - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHGCGFRVREF ■ 
GDNTA- COSH (1+2) 

MALDI MASS = 5476, BASE CLEAVAGE MASS = 5199 



Polymer- 
Supported 
Ligation on 
iSCO 



FIG.^IOA 



3730 + 
r 3745 




5199 (1+2) 
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Polymer- 
Supported 
Ligation on ISCO 



F/G._ 11 
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Polymer- 
Supported 
Ligation on 
PEGA 



5181 
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FIG.. 14B 
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On Resin 
Purification 



FIG.. 15A 





POLYMER-SUPPORTED 
PROCESSING 



FIG.- 15C 
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Coupling of MIF' 
1-59 to Solid (fl^^^ 
Support ^ 
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O 



H 



KETONE - MSG HANDLE - MET^ - MIF 2 - 58 - Leu59 - SAc - pAla - CO^H 

#1 



OXIME - MSG HANDLE - MET^ - MIF 2 - 58 - Leu^S - SAc - (JAIa - COM 

EXPECTED BASE CLEAVAGE MASS = 6271 

J 



2091.5 



1569.0 



6272 



if I ^■l«'*tt«t I I nil.. ... flip , , 



F/G._ 18C 



F/G._ 18D 
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Ligation to form Ml F 1-80 
(^J^co^ OXIME - MSG HANDLE - MET^ - MIF 2 - 58 - Leu^^ - SAc - (JAIa - COgH 

CysSO - MIF 61 - 79 - Leu^O - COSH 



#2 



OXIME - MSG HANDLE - MET^ - MIF 2 - 79 - Leu^O - COSH 
EXPECTED BASE CLEAVAGE MASS = 8502 



FIG.. 19A 



1418.0 



1215.5 



8502 

I 



1701.0 



2126.5 



Mlaisw;!**! I lint I, LI I \. It, 

FIG.- 19C 



FIG.. 19D 




FIG.. 19B 
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Ligation to form MIF 1-115 
OXIME - MSG HANDLE - MET^ - MIF 2 - 79 - Leu^o - COSAc 



#4 



Cys^l - MIF 82 - 114 - Ala^l^^ . cQgH 
6M Gu'HCI, 0.1, 0.1 M Na Pi, 0.5% THIOPHENOL 
T 0.15 M METHIONINE, pH 7.5 



• OXIME - MSG HANDLE - MET^ - MIF 2 - 114 - Ala'^^S , cOgH 
EXPEGTED BASE CLEAVAGE MASS = 12450 



1384.5 



1246.0 



1557.5 



1779.5 



2076.0 



1133.0 

iM*illUU^^^>l<«>^UM».<>tJkl......... .inf^-i, 



FIG.-20C 
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FIG..20D 




FIG..20B 
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Solid Phase Chemical Ligations in the 
C- to N-terminal Direction 
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Cys88.[PLA2G5(89-118)]-OCH2CO-Lys + H2NOCH2CONH-<gisiN) 




Cys88-[PLA2G5(89-1 1 8)]-OCH2CO-Lys 

I )=N0CH2C0NH-(REilN^ 

1 Cys{ACM)59-[PLA2G5(60-87)]-COSR 

Cys(ACM)59-[PLA2G5(60-1 1 8)]-OGH2CO-Lys 

j y= NOGH2CONH— (Riili^ 

|MERCURY(n)ACETATE 
Cys59-[PLA2G5(60-1 1 8)]-OCH2CO-Lys ^ 

I )= NOCHgCONH— ( RESIN ^ 

I Cys{ACM)26-[PLA2G5(27-58)]-COSR 

Cys(ACM)26-[PLA2G5(27-1 1 8)]-OCH2CO-Lys 

)= NOCH2CONH— C^Risil^ 

I MERCURY(II)ACETATE 
Cys26-[PLA2G5(27-1 1 8)]-OCH2CO-Lys . 

I )= NOCH2CONH— (resin] 

|[PLA2G5(1-25)]-COSR 
[PU2G5(1-118)]-OCH2CO-Lys . 

NOCHgCONH—CRESIN^ 




Ligations in tlie C- to 1 0.25N NaOH 



Solid Phase Cliemical 
Ligations in tlie C- to 
N-Terminal Direction 

[PLA2G5{1-118)]-OH 

Syntliesis of 

Pliospliolipase A2, pi^ 
Group 5 (PLA2G5) W— 
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0 R 

^0^N^C02H 
H 

1 DIEA 



0 R 



O 




H O 



10% Pd/C, CYCLOHEXADIENE 



OR O 



H O 



Synthesis of Cam ester derivative 
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Boc-HN^COgH 




NH-Fmoc 
1 

O ? 



HgN -(resin) 



Boc-HN 



tNH-( RisiN ) 
NH-Fmoc 
0 R 



OR 0 
>S-^N^O^OH 



O R 



H O 



^0-^N'\^°^^--^HN A ^ -V 

H 0 Y^HN-<REsjN) 



-NH-Fmoc 



SPPS 



Boc 



R O Q 



H 0 



-RESIN 

^-^•-'^^NH-Fmoc 

1.20%PIPERDINE 

2. LEVULINICACID 

3. HF CLEAVAGE 



R 0 Q 

Cysv/Wxyw^N^^O"---'^HN v^^^R 



H O 

Synthesis of 
C-Terminal Peptide 
Segment 



O 



0 



FIG..24 
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C3> 



ONH, + 



HANDLE 



■0— N 



r 



HANDLE 



Cys^A/\/v^LysKy^y^/\/^COS* 



■O— N 




0-N 



Cys^^v/^✓^^ySvAA/^/^COS" 

2a. XvAA/VA/^COSR 
IFX=AA OTHER 
THAN Cys, 
GO TO 3 
IF X = PG-Cys, 
GO TO 2b 
2b. REMOVE PG 
v2c. REPEAT 2a 



HANDLE 



3. BrCHgCOaH 



HANDLE 



^^^\>"^-Ayv\^Cysv/\y^LysvA/\A/^COS' 



^/>^^VA>X<\/>Cysv/\>^Lys^yxoy\ynCOSR 



4. Cysyj\ru^j\r\j^x' 



IF X' = COgH OR 
CONH2, GO TO 5 
IF X' = COS", REPEAT 
3 AND 4 



•O— N 



Universal 
Solid-Phase 
Chemical Ligation 
(Bidirectional 
Ligations: C- to 
N-Terminal Ligations 
First) 



HANDLE 



5. NaOH 



^■AAA/W^ys./v^Lysv/v^/v^ys^A/vw^y^ 

H 



^/VV^AAy^Cysv/\/^Lysv/^/vv^Cysvy^>'v^y^.^ 



/ 



WHERE HANDLE 



o 

O 



0^% 




MSG \ 
HANDLE ^ 
PLUS 
LEVULINIC 
ACID 
ATTACHED TO 
SIDE CHAIN 
AMINE OF A 
\ LYSINE / 
\ RESIDUE / 



FIG..25A 
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ONHo + 



HANDLE 



■0— N 



1. 



PG-CysvA/W^Lys^/VA/v^COSR 



•O— N 



HANDLE 
I 

2a. Cysvy\/\y\/\/\/\/^y, 
IF X' = CO2H OR 
CONHg, GO TO 3 
IF X = COS-. GO TO 2b 
2b. CONVERT TO COSR 

(BrCH2C02H), G0T0 2C 
2c. REPEAT 2a 



•0-N 



HANDLE 



V 



HANDLE 



3. REMOVE PG 
Cys vy>j^y\y^Lys v/\j"»v\/\Cys^rvu^v\/^ 



4. XxyWA^v^COSR 
IF X = AA OTHER 
THAN Cys, 
GO TO 5 
IF X = PG-Cys, 
REPEAT 3 AND 4 



•O— N 



Universal 
Solid-Phase 
Chemical Ligation 
(Bidirectional 
Ligations: N- to 
C-Terminal 
Ligations First) 



HANDLE 



□ 5. NaOH 



vAyv^yv^/^Cysv/v^Lys.A/W^Cys.yw^yw> 

O 



WHERE 



HANDLE 



O 

0 



o o 




/ MSC \ 
I HANDLE 
PLUS 
LEVULINIC 
ACID 
ATTACHED TO 
SIDE CHAIN 
AMINE OF A 
LYSINE / 
RESIDUE / 



FIG.-25B 
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Synthesis of Modified Peptide Segment for Universal 
Solid Phase Chemical Ligation 



Boc-Cys(PG)x 

Starting with an appropriate 
resin (thioester or thioacid 
generating), synthesize the 
peptide using standard Boc 
protocols until the Lys residue of 
choice is reached. 



.CO2H 



1. Boc 

2. Boc-HN 



NH-Fmoc 

3. -Boc 

4. SYNTHESIS OF REST OF SEGMENT 



H 
I 




Boc-Cys{PG)-nj^/vv\/vvv\>^v^ ^ — (RESIN^ 

L^^^^^^.,^^..^^ NH-Fmoc 



Couple a Boc-Lys(Fmoc)-OH, 
then continue the rest of the 
synthesis 



BoC"Cys(PG) -uxru\j\j\rKjxr^ 



1. -Fmoc (1-2 eq OF DBU IN DMF) 

2. Fmoc-HN,^^ .^^\^0.^0R 

/A. Y 




/A 
o o 



NH-Fmoc 



Boc-Cys(PG)-v/\>XAy>y\/v>y^ 



H 



O 



1. -Fmoc (1-2 eq OF DBU IN DMF) 

2. LEVULINIC ACID 



RESIN 

H 

0 

1 . -Boc 

2. HF DEPROTECTION AND 

, CLEAVAGE FROM THE RESIN 




Cys(X) -%/w\Ay\/vv^ 



WHERE X = H IF PG CLEAVES 
IN HF AND WHERE X REMAINS 
PG IF PG IS STABLE TO HF 



vA>^/V^COS(H OR R) 
H 

O 



0. 




.N 
H 



FIG.-25C 
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Boc-HN^COgH 




NH-Fmoc 



O u 



HgN-CniilN) 



Boc-HN 



Synthesis of 
C-Terminal 
Peptide Segment 



tNH -(resin) 
NH-Fmoc 



BrAcOH 



o 



HN 



"^NH-Fmoc 
Boc-AA-OH, DIEA 



O R 

X'oA^ 



SPPS 



^--'^^NH-Fmoc 



Boc 



R O Q 

■Cys^A/\>^W>y^N''Sr"°^-^HN^ JL 



RESIN 

^--"'^^NH-Fmoc 
1.20%PIPERDINE 

2. LEVULINICACID 

3. HF CLEAVAGE 



R 



Cysv/xywwN-^O^-^HN v^^HR 

HO T H O 
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ALTKYGFYGCYGRLEEKGCADRKNILA 

1 10 19 27 



SEQUENCE 1-27 



Synthesis of a Random 
Sequence by Solid Phase 
Chemical Ligations in the 
C- to N-terminal Direction 
Using Fmoc Protection 




0.0 



1 — I — m — 1 — r-T — I I I I i I ■ ! t I — 1 1 ( i i 11 

31.8 



J 



AIiTKYGFYGCYGRLEEKGCADRKNILA 

1 10 19 27 



SEQUENCE 1-27 



Synthesis of a Random 
Sequence by Solid 
Phase Chemical 
Ligations in the C- to 
N-terminal Direction 
Using ACM Protection 



3040 



MOLECULARWEIGHT 
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0.0 31.9 
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1 26 59 

GLLDLKSMIEIO/TGKNALTNYGFYGCYCGWGGRGOTKTCTDWCCWAHDHCYG^^ 

NIRTQSYKYRFAWGWTCEPGPFCHVNLCACDRKLVyCLiORNLRSYNPQYQYFPI^LC 

88 118 



PLA2G5 88-118 



I 



377^ 

B 


I Da 


MOLECULAR WEIGHT 



i M ) I M M i ] j I I i I I I I I 1 I 1 " I I I I t I I I M I 1 t I I ] 1"! i I i I 1 

0.0 46,9 



1 ^'25 59 

GLLDLKSMIEKVTGKNALT]^GFYGCYCGWGGRGTPKI)GTDWCCWAHDHCYGRLEEKGC 

NIRTQSYKYRFAWGWTCEPGPFCHVNLCACDRKLVYCLKRNIiRSYNPQYQYFPNILCS 

88 118 



LIGATION 1 



PLA2G5 59-118 



71 4£ 

D 


i Da 


MOLECULAR WEIGHT 



I rii I I I I M I I I I I I I t M I I I I I I I I I I i I I I I I I I I 1 i I I I i"i 
0.0 46.9 
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1 26 59 

GLLDLKSMIEKVTGKNALTNyGFyGCYCGWGGRGTPKDGTDWCCWAHDHCYGRI.EEKGC 

NIRTQSYKYRFAWGWTCEPGPFCHVNLOVCDRKLVYCLKRNLRSYNPQYQ-jrFPNlLCS 

88 118 



LIGATION 2 



r 



JL 



PLA2G5 26-118 



1087 

F 


6 Da 


MOLECULAR WEIGHT 



I I I I I I I I 1 I I I I M I I I I I I M I I I I I I I I M I I I M I M I I I I 
0.0 46.9 



1 26 59 

GLLDLKSMIEKVTGKNALTOTGFYGCYCGWGGRGTPKDGTDWCCWAHDHCyGRIiEEKGC 

NIRTQSYKYRFAWGWTCEPGPFCHVNLCACDRKLVYCLKRNLRSYHPQYQYFPNILCS 

88 118 



LIGATION 3 



PLA2G5 1-118 



L 



1359 

H 


3 Da 
X 


MOLECULAR WEIGHT 



1 I I 1 1 I I I I I I I r I r I I I I ] i I I I I I I I I I I I I I I I I I I i I I I I I I 
VOO 46.9 



